Calculating τ 2 Table S1 Shape parameters  2  Table S2 Average Ce-N bond lengths and τ 4 values for experimental and calculated complexes 2 Figures S1-S4 Determining reaction stoichiometry by 1 The centroids between the four N-N bonds were calculated using Mercury software. 1 α and β represent the two largest angles θ between one N-N centroid, Ce, and another N-N centroid calculated using Mercury. 0 indicates a square planar structure while 1 implicates a tetrahedral structure. Similar results are obtained when τ is calculated using the largest angles from M-Ce-M, where M = Li, Na, or K. Table S2 . Ce-N average bond lengths and τ 4 values for both the experimental and calculated complexes.
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Determining the stoichiometry of the reactions: Figure S1 . 1 H NMR spectra of (top) the filtrate from the reaction to synthesize Li 4 (py) 4 [Ce(PhNNPh) 4 ] collected in C 6 D 6 (middle) the filtrate spiked with aniline, and (bottom) the filtrate spiked with both aniline and 1,2-diphenylhydrazine. Figure S10. 7 Li NMR (top) and 13 C NMR (bottom) spectra of Li 4 (py) 4 [Ce(PhNNPh) 4 ] collected in C 6 D 6 . 
H NMR Spectra from Metathesis Reactions
Figure S15. 1 H NMR spectrum of the metathesis reaction of complex 3 with 4 equiv. of LiI in C 6 D 6 , where 2.0 μL of TMS 2 O was used as an internal standard to determine percent conversion (top). To compare the products, the 1 H NMR spectrum of crystals of complex 1 in C 6 D 6 was included (bottom). 
UV-Vis Absorption Spectra of 1-3:
UV-Vis absorption spectra of 1 and 2 show broad ligand-to-metal charge transfer bands centered at 18,315 cm -1 for complex 1 and 19,666 cm -1 for complex 2 measured in fluorobenzene, which are characteristic of Ce(IV) complexes. 6 Because 3 is insoluble in non-coordinating solvents and 1 and 2 are unstable in coordinating solvents, 3 was experimentally inaccessible for comparison in the same solvent. 
Electrochemistry of 1-2 in fluorobenzene:
To quantify how much the 1,2-diphenylhydrazide stabilized the Ce(IV) oxidation state, cyclic voltammetry was measured. The metal redox of both complexes 1 and 2 centers on ~ -1.9 V vs Fc/Fc + ( Figures S26-S29 ). For the CVs of complexes 1 and 2, the scans begin at the open circuit potential and then the scans sweep to more reducing potentials. The electrochemistry of complex 3 in fluorobenzene was unreliable as complex 3 is extremely sensitive to solvent conditions and it is effectively insoluble in fluorobenzene. 
Electrochemistry of 3 in THF:
Because the complex 3 was insoluble and unstable in fluorobenzene, the complex was measured instead in THF. For the CV of complex 3, the scan begins at the open circuit potential and then the scans sweep to more oxidizing potentials. 
